Abstract
potential method of extracorporeal removal of inflammatory mediators in septic patients. Procalcitonin (PCT) levels have been shown to be closely correlated with the course and the outcome of patients with several bacterial infections and sepsis [2, 3] . In the available literature, studies on the influence of continuous veno-venous hemodialysis with high cutoff hemofilters (HCO-CVVHD) on concentrations of PCT, serum C-reactive protein (CRP), hypoxia-inducible factor 1-alpha (HIF1-α) and cytokines in the blood serum are few and concern individual cases or small numbers of patients. We present the impact of HCO-CVVHD on the removal of PCT, CRP, and selected cytokines in the treatment of patients during sepsis with multiple organ failure, including AKI.
Material and Methods
The study included 36 patients (20 M + 16 F, age 61.8 ± 15.3) in septic shock and AKI stage 3, treated with HCO-CVVHD. The clinical diagnosis of septic shock and AKI was done according to the criteria of surviving sepsis campaign and Kidney Disease: Improving Global Outcomes [1, 4] . In all patients, the Sequential Organ Failure Assessment (SOFA) score was assessed (Table 1 ) [5] . All of the patients in the group received a standard therapy.
Due to the growth of organ dysfunction, including AKI, the patients were subjected to 24-h HCO-CVVHD using a hemofilter with Polyarylethersulfone (PAES) membrane (effective surface area 1.1 m 2 ; cutoff 45 kDa), allowing for the removal of cytokines (septeX TM , Gambro Lundia AB, Sweden). CVVHD was started within 12 h from the diagnosis of septic AKI. The blood flow rate (Q B ) was averagely 150 mL/min, while the dialysate flow rate (Q D -volume of dialysis fluid running into the circuit per unit of time) was 1,200 mL/h. Net ultrafiltration (Q UF NET -volume removed from the patient by the machine per unit of time) was 100 mL/h on average. For anticoagulatory support, the replacement flow rate in pre-dilution (Q R PRE ) was 250 mL/h [6] . Anticoagulation was performed using unfractionated heparin or, if severe coagulation disorders occurred, anticoagulation was performed only by flushing with 0.9% NaCl. Before the start of dialysis and after 24 h of treatment, the concentration levels of selected cytokines (tumor necrosis factor [TNF-α]; Interleukin-1β [IL-1β]; interleukin-6 [IL-6], interleukin-12 , interleukin-17 ) in the serum were assessed. After 24 h of treatment, the concentration of the same cytokines in the dialysis fluid was assessed. The method of cytokine concentration assessment was described before [3] . The detection limit of concentrations of individual cytokines was as follows: total TNF-α (monomer -17 kDa; trimer -51 kDa) 0-8.5 pg/mL; IL-1β (17.5 kDa) 0-0.63 pg/ mL; IL-6 (21 kDa) 0-10.5 pg/mL; IL-12 (75 kDa) 0-2.5 pg/mL; IL-17 (20 kDa) 0-1.2 pg/mL.
Before the start of dialysis and after 24 h of treatment, the PCT serum concentration (13 kDa) was assessed. PCT was measured in effluent 24 h after the initiation of HCO-CVVHD. PCT assays were performed with the Elecsys BRAHMS PCT test using the Cobas e411 analyzer (Roche Diagnostics). The test is based on the electro-chemiluminescence immunoassay method. The measurement is the reaction of an antigen present in a tested sample with monoclonal antibodies specific for PCT. The measuring range is 0.02-100 ng/mL. The assays were performed based on the procedure provided by the analyzer manufacturer.
CRP concentrations were measured by latex-enhanced immunoturbidimetric assays. In this method, a pentameric (native) form of CRP (115 kDa) agglutinates with latex particles coated with monoclonal antibodies against human CRP. The standard reference range for adults is less than 0.5 mg/dL.
The Therumo Scientific HIF1-α ELISA Kits were used to measure the concentration of HIF1-α. The methodology of the assay uses a quantitative sandwich ELISA test. The assay was made according to the instructions of the manufacturer. In order to ensure optimum conditions during the assay, the Stat Fax 2200 incubator/ shaker from Awareness Technology, the ETI-System DiaSorin washers and the BioTek ELx 800 reader were used. The reference range of HIF1-α is 0-2.4 pg/mL. Clearances (mL/min) of investigated substances were calculated with the formula:
where C 24 and CF 24 are the serum and fluid substance concentration after 24 h of HCO-CVVHD.
Ethical Approval
The research related to human use has been complied with all the relevant national regulations, institutional policies, and in accordance with the tenets of the Helsinki Declaration. The protocol of the study was approved by the local Bioethics Committee. Due to the observational nature of the analysis that used only anonymised parameters, no individual written consent was required.
Statistical Analysis
The Statistica 12 (StatSoft Inc.) software was used. The data with normal distribution were presented as mean and SD, otherwise as a median with minimal and maximal value. The differences between results before and after HCO-CVVHD were analyzed with the Wilcoxon test for paired samples as determined by missing the condition of normal distribution. The relations between investigated variables were tested with the Spearman's correlation test. The performed tests were considered significant if p value < 0.05. The change of substance concentration during HCO-CVVHD was calculated as the difference of pre-and post-treatment concentrations then divided to pre-treatment and expressed as percentage value, so that positive result indicated lowered concentration dur- ing the procedure. Linear stepwise regression analysis was used to determine independent factors influencing PCT variability during the HCO-CVVHD. For the estimation of the sample size, the data from 10 initially investigated patients were analyzed with paired t test for dependent variables. A sample size necessary to achieve significance (p < 0.05) between PCT and CRP change during HCO-CVVHD (54.57 ± 29.08 vs. 14.04 ± 26.34%, respectively) was 12 patients for the statistical power of the test of > 0.9.
Results
In the study group, the mean SOFA score was 14.7 ± 4.3 (Table 1 ). In the course of HCO-CVVHD treatment during the hospitalization, 30 patients died, including 24 (80%) due to sepsis and 6 (20%) due to other causes (bleeding, heavy pneumonia, pulmonary embolism). Six patients were discharged from the hospital to outpatient care. Mean concentrations of inflammatory markers (PCT and CRP) as well as most of the proinflammatory cytokines (except IL-12 and IL-17) in the serum, decreased significantly during the HCO-CVVHD (Table 2).
The initial IL-17 concentration significantly correlated with IL-1β (r = 0.333, p < 0.05), IL-12 (r = 0.391, p < 0.05), and TNFα (r = 0.606, p < 0.05), preserving the above relationships after the HCO-CVVHD (r = 0.350, p < 0.05; r = 0.338, p < 0.05; r = 0.620, p < 0.05 respectively).
IL-17 clearance during the HCO-CVVHD significantly correlated with IL-1β (r = 0.525; p < 0.05) and IL-12 clearances (r = 0.497; p < 0.05). Moreover, there was a significant positive correlation between IL-6 and TNFα clearances (r = 0.455, p < 0.05). The clearance of the marked substances (cytokines and PCT) correlated with their molecular weight (r = -0.87, p = 0.024; Fig. 1 ).
The change in IL-17 concentration during the HCO-CVVHD was associated with the initial CRP concentration (r = 0.369, p < 0.05), change in PCT level (r = 0.385, p < 0.05), final PCT concentration (r = -0.394, p < 0.05 ), SOFA score (r = 0.350, p < 0.05), and mortality due to sepsis (r = 0.345, p < 0.05). In addition to the above-mentioned correlations, the relationships of CRP with other parameters were rare: the initial CRP concentration correlated significantly only with the change in CRP concentration (r = 0.380, p < 0.05) and its post-treatment concentration (r = 0.901, p < 0.05).
There were no significant correlations between the concentrations of PCT, both initial and post-treatment with appropriate concentrations of the marked cytokines and CRP. Furthermore, there were no correlations between the PCT clearance and the marked clearances of proinflammatory cytokines during the HCO-CVVHD. However, a significant correlation between the PCT clearance and the change in IL-12 concentration during the treatment was found (r = 0.393, p < 0.05). Additionally, the change in PCT concentration during the HCO-CVVHD was significantly associated with the posttreatment PCT value (r = -0.514, p < 0.05), PCT clearance (r = 0.525, p < 0.05) and the aforementioned change in IL-17 concentration. Although the change in PCT level during the HCO-CVVHD was significantly higher than the change in CRP concentration (38.34 ± 35.26 vs. 11.30% [-37.50 to 64.44%]; p = 0.007; with the statistical power of 0.91 for the probability of type I error = 0.05), PCT before and after the 24 h HCO-CVVHD, their changes during the C 0 , serum substance concentration before HCO-CVVHD; C 24 , serum substance concentration after 24 h of HCO-CVVHD; CF 24 , substance concentration in the dialytic fluid after 24 h of HCO-CVVHD; CL 24 , clearance of substance after 24 h of HCO-CVVHD; CRP, C-reactive protein; HIF1-α, hypoxia inducible factor 1-α; IL, interleukin; PCT, procalcitonin; TNF-α, tumor necrosis factor α. # Median.
DOI: 10.1159/000488929 treatment, as well as the clearance of PCT were not significantly associated with the SOFA score, mortality due to sepsis, and total mortality.
In the multivariable regression analysis that took into account the clearances of PCT, IL-12, IL-17, and the change in CRP concentration that may have been responsible for the change in the PCT level during the HCO-CVVHD, it was shown that the clearances of both PCT and IL-17 were responsible for approximately 52% PCT variability during the procedure (R 2 = 0.525, p < 0.001, power 0.999).
Discussion
In this study, a significantly higher decrease of PCT than CRP during the HCO-CVVHD procedure was found. However, as opposed to PCT, the most frequently estimated pentameric (native) form of CRP is not removed during HCO dialysis due to its high mass. These findings suggest that a decrease of PCT during an HCO-CVVHD treatment relates to its clearance and in addition, probably to the inflammatory cytokine removal [7] . This hypothesis is supported by the results of our previous and present works, in which a removal of proinflammatory cytokines during the HCO-CVVHD was proved [8] . In the performed multivariable regression analysis, we found that PCT and IL-17 clearances independently influence the change in PCT level during the HCO-CVVHD.
In recent years, blood purification therapies have been proposed as an effective therapy to control the dysregulation of cytokines in systemic inflammatory syndromes. Among them, a treatment with high cutoff (HCO) membranes is characterized by a large pore size and a more effective clearance for middle molecular weight molecules (cytokines). Generally, a sieving coefficient (SC) for albumin over zero should be obtained to define a membrane as HCO. In other words, a cutoff value of at least 60 kDa should be distinctive of these membranes.
PCT, the precursor for the hormone calcitonin, is composed of 116 aminoacids and has a molecular weight of 13 kDa. In sepsis, a marked increase of PCT serum concentration has been reported. The role of PCT as a mediator of the sepsis cascade received much less attention. A proinflammatory activity of PCT in the pathogenesis of sepsis has been suggested based on immune-neutralization findings in 2 animal species [9] . A significant reduction of PCT in the serum was observed during the treatment with HCO. Although this effect could be related to the anti-inflammatory effect of the treatment, a direct transmembrane clearance was also observed (SC of 0.45), decreasing the clinical accuracy of PCT as a biomarker of sepsis [7] . Studies on the effect of CVVHD using HCO hemofilters (HCO-CVVHD) on the PCT serum concentration in patients with severe sepsis or in septic shock are few and concern individual cases or small numbers of patients. Our study is based on the group of 36 patients, the largest in the Medline database.
One of the first reports on the removal of PCT from the blood serum to a dialysis fluid during continuous veno-venous hemodiafiltration was the case described by Nishikura [10] , which found that the amount of the eliminated PCT from the serum was approximately 100 ng/min and its clearance was 2.3-3.4 mL/min. In the study by Yaroustovsky et al. [11] , the study group included 26 patients with severe sepsis. The aim of this study was to evaluate the effectiveness and safety of the combined use of lipopolysaccharide adsorption and haemodialysis with HCO hemofilters. After the last HD with HCO hemofilters, PCT decreased from 8.19 to 2.44 ng/mL (aproximately 70%). In our group, the mean PCT serum concentration before the procedure (C 0 = 28.5 ng/mL) was about two times higher than after the treatment (C 24 = 14.3 ng/mL; change of approximately 50%). In our work, the smaller decrease in PCT was probably associated with a more severe initial inflammation, as evidenced by the initial PCT values.
In a preliminary report, Chelazzi et al. [12] examined the impact of HCO-CVVHD on the PCT serum concentration and the resulting diagnostic and therapeutic effects. The study involved patients with severe sepsis or in septic shock meeting the surviving sepsis campaign guidelines. In each case, the HCO hemofilter (septeX, Gambro Lundia AB, Sweden) was used. PCT was measured in the serum and effluent 0, 12, 24, and 48 h after the initiation of the HCO-CVVHD and an SC was calculated. The obtained median for SC was 0.64 ± 0.33 after 12 h; was 0.66 ± 0.11 after 24 h; and was 0.75 ± 0.17 after 48 h. The calculated SC for PCT was 59-95% after 48 h of the HCO-CVVHD. Due to the passage of PCT into the dialysis fluid, the authors considered CRP a useful marker of inflammation dynamics in patients undergoing the HCO-CVVHD. CRP as a large protein does not pass into the dialysis fluid. In our study, it was confirmed that the treatment affected the statistically significant decrease of CRP in the serum. Similar results concerning, among others, CRP were presented by Caldini et al. [13] . In the group of 7 AKI patients with severe sepsis or septic shock, HCO-CVVHDF was performed. Although a decrease in the PCT serum concentration has been observed in all patients (from 89 to 51% of base values), the authors indicate that the PCT serum concentration during the HCO-CVVHDF should be interpreted with caution. In our group, the mean reduction in PCT serum concentration was 38%, and a positive correlation between the reduction in the PCT serum concentration and the decrease in IL-17 concentration was observed. In the available literature, there are no studies that can relate to our results. At the same time, it is known that IL-17 appears to be a main factor in the human immune system. Proinflammatory cytokines such as IL-6, IL-1β, and TNF-α, which mediate defensive responses, are induced by IL-17 [14] . In the present study, we found a significant correlation of initial IL-17 concentration with IL-1β, IL-12, and TNFα, which proves the correctness of our observations. Moreover, these relations were still observed after HCO-CVVHD, despite lowering serum cytokines concentration. In addition, we found significant correlations between IL-17, IL-1β, and IL-12 clearances during the HCO-CVVHD. These findings suggest unselective cytokine removal during the HCO-CVVHD, and thus, the immunomodulative role of this procedure. In our study, we qualified patients to the HCO-CVVHD treatment under condition of septic shock with AKI stage 3, without considering criteria of early or late phase of the disease. However, the early HCO-CVVHD treatment could be important for better patients' survival, because in the mouse model of experimental sepsis, Flierl et al. [15] showed that neutralization of IL-17 by specific antibodies in the first 12 h improved survival from 10 to 60%. On the other hand, Wu et al. [16] observed that anti-IL-17 treatment in lipopolysaccharide-stimulated peripheral blood mononuclear cells of patients with severe sepsis significantly decreased IL-12 and increased IL-10 production, which was connected with higher mortality. The authors suggest that early elimination of IL-17 results in improving the survival of patients with sepsis by decreasing systemic inflammation, whereas decrease of IL-17 in the late phase of sepsis could worsen patients' outcome.
During the course of the treatment, we also observed a decrease of HIF1-α concentration in the serum but of no statistical significance. Due to the large size of HIF1-α and CRP molecules, their concentrations in the dialysis fluid were not analyzed. However, in the case of inflammation, the pentameric (native) form of CRP can dissociate into monomeric (modified) CRP (approximately 23 kDa), which can easily pass through the HCO filter [17] . We did not measure concentrations of the monomeric form of CRP, and this is a limitation of our study. On the other hand, monomeric CRP is generated from native CRP in sites of inflammation, and is rather non-
